CONTACTLESS DATA COMMUNICATION SYSTEM, POSITION 
INFORMATION MANAGEMENT SYSTEM, CONTACTLESS 
IDENTIFICATION TAG, DATA COMMUNICATION SYSTEM, 
CONTACTLESS IDENTIFICATION TAG CONTROL PROGRAM, AND DATA 
COMMUNICATION SYSTEM CONTROL PROGRAM 

BACKGROUND OF THE INVENTION 

Field of the Invention 
[0001] 

The present invention relates to a data communication system using a 
contactless identification tag, and a position information management system to 
manage position information of a predetermined article by using the data 
communication system. 

Description of the Related Art 
[0002] 

Conventionally, there has been a system in a library or the like where a 
wireless IC card is stuck to a book. Information on the IC card located inside an 
area is read out by a reader/writer installed in each block of a bookshelf, and 
then the information is sent to a system for book management. Thereby books 
stored in the bookshelf are managed by the system. In this system, by 
comparing the shelf number associated to each block of the bookshelf and the 
shelf number stored in the IC card, it is possible to know whether a book exists 
in a block having a shelf number. 
[0003] 

In the above-described conventional system, detection of whether a book 
exists in a correct position of a bookshelf or not can be accomplished. However, 
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in cases where a book has fallen near the bookshelf, or a book is placed on top of 
the bookshelf, the system cannot detect the location of such books, which is near 
the bookshelf but not stored in the bookshelf. 
[0004] 

Accordingly, the present invention has been developed in view of the 
unsolved problems which conventional technologies have, and an advantage of 
the invention is to provide a contactless data communication system, a position 
information management system, a contactless identification tag, a data 
communication system, a contactless identification tag control program, and a 
data communication system control program, which are suitable for managing 
position information of a predetermined article. 



SUMMARY OF THE INVENTION 
[0005] 

In order to achieve the above-described advantage, a contactless data 
communication system according to the present invention includes a contactless 
identification tag and a plurality of data communication systems that can be 
arranged in arbitrary places. The contactless identification tag has first 
identification information that is the identification information inherent to its 
own contactless identification tag, and includes a drive power generation device 
to generate drive power from an electromagnetic wave used as a power supply, 
sent from the data communication system, an acquisition request receiving 
device to receive an acquisition request of first identification information from 
the data communication system, and an identification information sending 
device to send the first identification information to the data communication 
system in response to the acquisition request of the first identification 
information received by the acquisition request receiving device. Furthermore, 
the data communication system has second identification information that is the 
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identification information inherent to its own data communication system, and 
includes an electromagnetic wave sending device as a power supply to send an 
electromagnetic wave used for supplying power to the contactless identification 
tag, an identification information acquisition device to acquire the first 
identification information from the contactless identification tag, which exists 
within an area where the communication can be made, an information sending 
device to send second identification information inherent to its own data 
communication system and the first identification information acquired by the 
identification information acquisition device to other data communication 
systems, an information acquisition device to acquire the second identification 
information inherent to the other data communication systems and the first 
identification information acquired in the other data communication systems 
from the other data communication systems, and a position information 
computation device to compute position information of the contactless 
identification tag based on the second identification information and the first 
identification information acquired from the other data communication systems. 
[0006] 

With such a configuration, the contactless identification tag according to 
a first embodiment- can generate drive power from the electromagnetic wave 
used as a power supply sent from the data communication system by the drive 
power generation device; can receive the acquisition request of the first 
identification information from the data communication system by the 
acquisition request receiving device; and can send the first identification 
information to the data communication system by the identification information 
sending device in response to the acquisition request of the first identification 
information received by the acquisition request receiving device. Furthermore, 
the data communication system' can send the electromagnetic wave used as a 
power supply to the contactless identification tag by the sending device of an 
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electromagnetic wave for the power supply; can acquire the first identification 
information from the contactless identification tag, which exists within the area 
where the communication can be made, by the identification information 
acquisition device; can send the second identification information inherent to its 
own data communication system and the first identification information 
acquired by the identification information acquisition device to the data 
communication system by the information sending device; can acquire the 
second identification information inherent to the other data communication 
systems and the first identification information acquired in the other data 
communication systems from the other data communication systems by the 
information acquisition device; and can compute position information of the 
contactless identification tag based on the second identification information and 
the first identification information acquired from the other data communication 
systems by the position information computation means. 
[0007] 

Accordingly, by acquiring each identification information and the 
identification information of the contactless identification tag, which exists 
within each area where the communication can be made, from the other data 
communication systems, based on this information, for example, it is possible to 
compute the approximate position information of the contactless identification 
tag from the relative position of the data communication system. Accordingly, it 
is not necessary to arrange the data communication system in a predetermined 
position and acquire position information after the arrangement, and thereby 
the rearrangement or the like of the data communication system can be easily 
carried out. 
[0008] 

The contactless identification tag is the one used in a Radio Frequency 
Identification (RFID) system, and is generally called as a data carrier or the like. 
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There are various kinds of shapes such as a label type, a card type, a coin type, 
and a stick type. These shapes closely relate to the applications, and, for 
example, applications that people carry include a card shape, or a key holder 
shape fabricated from a label shape. As for a semiconductor carrier ID, a stick 
type is the mainstream. As for the ones sewn to linen-related clothes, a coin type 
is the mainstream. Moreover, there are ones equipped with a display section in 
the card type or the like. 
[0009] 

The contactless identification tag is equipped with a storage area used 
for data-read only or where data read/write can be carried out without 
constraint, and furthermore, there are ones that can be operated by contactless 
power transfer from an antenna side even if a battery is not provided. Moreover, 
the RFID system is the ID system which uses a electromagnetic wave and an 
electromagnetic wave as a medium, wherein the contactless identification tag 
has three features" (l) of a size easy to carry, (2) of storing information to an 
electronic circuit, and (3) of communicating by contactless communication. 
[0010] 

Accordingly, the RFID system is used for integrating people, an article, a 
car or the like having the contactless identification tag, and their information. 
That is, people, an article, and a car can take out required information at any 
time and in a certain place, and can write in new information as required. 
Moreover, as for a typical type of RFID, there are four methods as follows- an 
electromagnetic-coupling method to carry out communication with a contactless 
identification tag by using mainly mutual induction of a coil by the alternating 
current magnetic field; an electromagnetic induction method to carry out 
communication with a contactless identification tag by using mainly an 
electromagnetic wave of 250 kHz or less, or a long and medium wave band of 
13.56 MHz band; a microwave method to carry out data communication between 
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an antenna at the side of a reader/writer and a contactless identification tag by 
microwave of 2.45 GHz band; and an optical method which arranges LED as a 
generation source of light, and arranges a photo transistor or the like as an light 
receiver, and carries out communication with a contactless identification tag by 
using light transmission in space. 
[0011] 

There are four kinds of access methods as follows- a single access mode, a 
First In First Out (FIFO) access mode, a multi-access mode, and a selective 
access mode. As for the single access mode, the number of contactless 
identification tags that exist within an antenna communication range is one, 
therefore when a plurality of contactless identification tags exist within the 
antenna communication range, a communication error occurs and thus the 
communication can not be made. 
[0012] 

As for the FIFO access mode, the communication can be made, by turns, 
with contactless identification tags that enter the communication range of an 
antenna by turns. Because an access prohibition process is carried out on the 
contactless identification tag, which finished the communication, even if a 
plurality of tags, which finished the communication, exists within the 
communication range of the antenna, the communication can be made if only 
one new tag enters the communication range of the antenna. However, if 
contactless identification tags simultaneously enter the communication range, a 
communication error occurs and thus the communication cannot be made. Once 
the contactless identification tag, with access that has been prohibited, goes 
outside the communication range, the communication can be made again. 
[0013] 

As for the multi-access mode, the communication with all contactless 
identification tags can be made, even if a plurality of contactless identification 
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tags exist within the communication range of an antenna. The selective access 
mode, where the communication can be made with a specific contactless 
identification tag among a plurality of contactless identification tags, which 
exists within the communication range, can be made possible by a command to 
assign a number to the contactless identification tag within the communication 
range, and a command to carry out the communication with a specific 
contactless identification tag based on the assigned number. 
[0014] 

As for a second embodiment of the present invention, in addition to the 
first embodiment, a specific data communication system, which is selected 
among the plurality of data communication systems, acquires the second 
identification information inherent to the other data communication systems 
and the first identification information acquired in the other data 
communication systems from the other data communication systems by the 
information acquisition device. Then, the selected data communication system 
computes position information of the contactless identification tag based on the 
second identification information and the first identification information 
acquired from other data communication systems by the position information 
computation device. 
[0015] 

That is, the specific data communication system, which is selected 
among the plurality of data communication systems, acquires the second 
identification information inherent to the other data communication systems 
and the first identification information acquired in the other data 
communication systems from the other data communication systems by the 
information acquisition device. Then, the selected data communication system 
computes position information of the contactless identification tag based on the 
second identification information and the first identification information 
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acquired from other data communication systems by the position information 

computation device. 

[0016] 

Accordingly, in the data communication system to become a 
representative, the position information of the contactless identification tag 
within the system can be comprehended. Moreover, as for a third embodiment of 
the present invention, in addition to the first and second embodiments, the data 
communication system includes a communication status information sending 
device to send communication status information indicating a predetermined 
communication status of its own data communication system and the 
contactless identification tag to the specific data communication system, 
wherein the position information computation device computes position 
information of the contactless identification tag also based on the 
communication status information sent by the communication status 
information sending device. 
[0017] 

That is, the data communication system can send the communication 
status information indicating a predetermined communication status of its own 
data communication system and the contactless identification tag to the specific 
data communication system by the communication status information sending 
device, and can compute position information of the contactless identification 
tag also based on the communication status information sent by the 
communication status information sending device by the position information 
computation device. 
[0018] 

Accordingly, because it is possible to compute position information based 
on the information indicating the communication status of the data 
communication system and the contactless identification tag, more correct 
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position information of the contactless identification tag can be computed. 
Moreover, as for a fourth embodiment, in addition to the third embodiment, the 
communication status information is the radio field intensity of the 
electromagnetic wave received from the contactless identification tag. 
[0019] 

That is, the communication status information is the radio field intensity 
of the electromagnetic wave received from the contactless identification tag, and 
accordingly, the distance from the data communication system can be detected 
by the strength of the received electromagnetic wave from the contactless 
identification tag, and thereby more correct position information can be 
computed. Moreover, as for a fifth embodiment of the present invention, in 
addition to the fourth embodiment, the data communication system includes a 
direction estimation device to estimate the direction where the contactless 
identification tag exists based on the radio field intensity of the electromagnetic 
wave received from the contactless identification tag, and the status information 
sending device sends the direction information estimated by the direction 
estimation device as the communication status information to the specific data 
communication system. 
[0020] 

That is, the data communication system can estimate the direction 
where the contactless identification tag exists based on the radio field intensity 
of the electromagnetic wave received from the contactless identification tag by 
the direction estimation device, and can send the direction information 
estimated by the direction estimation device to the specific data communication 
system as the communication status information by the status information 
sending device. 
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[0021] 

Accordingly, because it is possible to estimate the direction information 
where the contactless identification tag exists from the data communication 
system, more correct position information can be computed. Moreover, as for a 
sixth embodiment, in addition to any of the first through fifth embodiments, the 
data communication system includes an information retention device to retain 
time information and the first identification information of the contactless 
identification tag, which exists within the communication range of its own data 
communication system. 
[0022] 

That is, the data communication system can retain the time information 
and the first identification information of the contactless identification tag, 
which exist within the communication range of its own data communication 
system, by the information retention device. Accordingly, the record of the 
position information of the contactless identification tag can be detected, for 
example, from the information retained in each data communication system. 
[0023] 

Moreover, as for a seventh embodiment of the present invention, in 
addition to the sixth embodiment, the data communication system includes* a 
first retained-contents acquisition device to acquire the retained contents of the 
information retention device from other data communication systems; a first 
retained-contents sending device to send the retained contents to the other data 
communication systems in response to an acquisition request of the retained 
contents from other data communication systems; and a first move record 
computation device to compute a move record of the contactless identification 
tag based on the retained contents acquired from the other data communication 
systems by the first retained-contents acquisition device, when its own data 
communication system is selected as the specific data communication system. 
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[0024] 

That is, the data communication system: can acquire the retained 
contents of the information retention device from other data communication 
systems by the first retained-contents acquisition device; can send the retained 
contents to other data communication systems by the first retained-contents 
sending device in response to the acquisition request of the retained contents 
from other data communication systems; and can compute a move record of the 
contactless identification tag based on the retained contents acquired from the 
other data communication systems by the first retained-contents acquisition 
device by the first move record computation device, when its own data 
communication system is selected as the specific data communication system. 
[0025] 

Accordingly, in the data communication system to become the 
representative, because it is possible to acquire the retained contents of the 
information retention device from other data communication systems, and to 
compute the move record of the contactless identification tag, the move record of 
a movable body can be easily detected by sticking the contactless identification 
tag to the movable body or the like, or by making the movable body or the like 
carry the contactless identification tag. Moreover, an eighth embodiment of the 
present invention is a position information management system to manage 
position information of a predetermined article by associating the 
predetermined article to the contactless identification tag on a one-to-one basis 
in the contactless data communication system according to any of the first 
through sixth embodiments, wherein the position information management 
system is equipped with a management system for managing position 
information of the predetermined article, which is able to conduct data 
communication to the plurality of data communication systems. The 
management system includes a data communication system selection device to 
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select a specific data communication system among the plurality of data 
communication systems, and an acquisition request sending device to send the 
acquisition request of the position information of the predetermined article to 
the specific data communication system selected by the data communication 
system selection device. The specific data communication system is constituted 
so as to compute position information of the contactless identification tag based 
on the second identification information acquired from other data 
communication systems and the first identification information of the 
contactless identification tag, associated to the predetermined article of the 
acquisition request, in response to the acquisition request sent from the 
management system, by the position information computation device, and 
includes a position information sending device to send the position information 
computed by the position information computation device to the management 
system. 
[0026] 

With such a configuration, in the eighth embodiment of the present 
invention, the management system can select a specific data communication 
system among the plurality of data communication systems by the data 
communication system selection device, and can send the acquisition request of 
the position information of the predetermined article to the specific data 
communication system selected by the data communication system selection 
device by the acquisition request sending device. The specific data 
communication system can compute position information of the contactless 
identification tag based on the second identification information acquired from 
other data communication systems and the first identification information of the 
contactless identification tag, associated with the predetermined article of the 
acquisition request, by the position information computation device, and can 
send the position information computed by the position information 
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computation device to the management system by the position information 

sending device. 

[0027] 

Accordingly, position information of a predetermined article within the 
system can be easily managed by the management system. For example, it is 
possible to comprehend easily which type of book is put on which position by 
associating the contactless identification tag to a book of a library or a bookstore 
for managing. Moreover, position information of the contactless identification 
tag is computed from the relative position information between a plurality of 
data communication systems. Therefore, for example, even when changing a 
layout in a bookstore or the like, position information of the data communication 
system is not required. Therefore, the data communication system can be put on 
an arbitrary position, and thus the layout change becomes easy. 
[0028] 

Moreover, as for a ninth embodiment of the present invention, in 
addition to the eighth embodiment, the management system includes a second 
retained-contents acquisition device to acquire the retained contents of the 
information retention device from the data communication system, and a second 
move record computation device to compute the move record of the contactless 
identification tag based on the retained contents acquired from the data 
communication system. The data communication system includes a second 
retained-contents sending device to send the retained contents to the 
management system in response to the acquisition request of the retained 
contents. 
[0029] 

That is, the management system can acquire the retained contents of the 
information retention device from the data communication system by the second 
retained-contents acquisition device, and can compute the move record of the 
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contactless identification tag based on the retained contents acquired from the 
data communication system by the second move record computation device. 
Furthermore, the data communication system can send the retained contents to 
the management system in response to the acquisition request of the retained 
contents by the second retained-contents sending device. 
[0030] 

Accordingly, the move record of a predetermined article within the 
system can be easily detected by the management system. Moreover, a tenth 
embodiment of the present invention includes a contactless identification tag, 
applicable to the first embodiment, having a first identification information, 
which is the identification information inherent to its own contactless 
identification tag, and includes a drive power generation device to generate 
drive power from an electromagnetic wave used as a power supply sent from the 
data communication system and an acquisition request receiving device to 
receive an acquisition request of the first identification information from the 
data communication system. An identification information sending device sends 
the first identification information to the data communication system in 
response to the acquisition request of the first identification information 
received by the acquisition request receiving device. 
[0031] 

The present invention is for the contactless identification tag in the first 
embodiment, and thus the description of the effect thereof will be omitted so that 
not to be duplicated. Moreover, a eleventh embodiment of the present invention 
includes a data communication system, applicable to the first embodiment, 
having second identification information that is the identification information 
inherent to its own data communication system, and includes an 
electromagnetic wave sending device as a power supply to send an 
electromagnetic wave used for power supply to the contactless identification tag, 
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an identification information acquisition device to acquire the first identification 
information from the contactless identification tag, which exists within an area 
where the communication can be made, an information sending device to send 
the second identification information inherent to its own data communication 
system and the first identification information acquired by the identification 
information acquisition device to other data communication systems, an 
information acquisition device to acquire the second identification information 
inherent to the other data communication systems and the first identification 
information acquired in the other data communication systems from the other 
data communication systems, and a position information computation device to 
compute position information of the contactless identification tag based on the 
second identification information and the first identification information 
acquired from other data communication systems. 
[0032] 

The present invention is for the data communication system in the first 
embodiment, and thus the description of the effect thereof will be omitted so that 
not to be duplicated. Moreover, a twelfth embodiment is for a management 
system applicable to the eighth embodiment, and includes a data 
communication system selection device to select a specific data communication 
system among a plurality of data communication systems and an acquisition 
request sending device to send an acquisition request of the position information 
of the predetermined article to the specific data communication system selected 
by the data communication system selection device. 
[0033] 

The present invention is for a management system in the eighth 
embodiment, and thus the description of the operation effect thereof will be 
omitted so that not to be duplicated. Moreover, a thirteenth embodiment is for a 
data communication system applicable to the eighth embodiment, wherein when 
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selected as the specific data communication system by the data communication 
system selection device, the data communication system computes position 
information of the contactless identification tag based on the second 
identification information acquired from other data communication systems and 
the first identification information of the contactless identification tag, 
associated to the predetermined article of the acquisition request, in response to 
the acquisition request sent from the management system, by the position 
information computation device. Furthermore, the data communication system 
includes a position information sending device to send the position information 
computed by the position information computation device to the management 
system. 
[0034] 

The present invention is for a data communication system in the eighth 
embodiment, and thus the description of the operation effect thereof will be 
omitted so that not to be duplicated. Moreover, a fourteenth embodiment is for a 
program for controlling the tenth embodiment, and includes an acquisition 
request receiving step to receive the acquisition request of the first identification 
information from the data communication system, and an identification 
information sending step to send the first identification information to the data 
communication system in response to the acquisition request of the first 
identification information from the data communication system, received at the 
acquisition request receiving step. 
[0035] 

The present invention is for a program for controlling the contactless 
identification tag in the first embodiment, and thus the description of the effect 
thereof will be omitted so that not to be duplicated. Moreover, a fifteenth 
embodiment is for a program for controlling the eleventh embodiment, and 
includes a sending step of an electromagnetic wave used for a power supply, 
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which sends electromagnetic wave used for supplying power to the contactless 
identification tag, an identification information acquisition step to acquire the 
first identification information from the contactless identification tag, which 
exists within an area where the communication can be made, and an 
information sending step to send the second identification information inherent 
to its own data communication system and the first identification information 
acquired at the identification information acquisition step to other data 
communication systems. The program for controlling the eleventh embodiment 
further includes an information acquisition step to acquire the second 
identification information inherent to the other data communication systems 
and the first identification information acquired in the other data 
communication systems from the other data communication systems, and a 
position information computation step to compute the position information of 
the contactless identification tag based on the second identification information 
and the first identification information acquired from other data communication 
systems. 
[0036] 

The invention is for a program for controlling the contactless 
identification tag in the first embodiment, and thus the description of the effect 
thereof will be omitted so that not to be duplicated. Moreover, a sixteenth 
embodiment is for a program for controlling the twelfth embodiment, and 
includes a data communication system selection step to select a specific data 
communication system among a plurality of data communication systems, and 
an acquisition request sending step to send an acquisition request of the position 
information of the predetermined article to the specific data communication 
system selected at the data communication system selection step. 
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[0037] 

The present invention is for a program for controlling the managing 
system in the eighth embodiment, and thus the description of the effect thereof 
will be omitted so that not to be duplicated. Moreover, a seventeenth 
embodiment is for a program for controlling the thirteenth embodiment, 
wherein when selected as the specific data communication system at the data 
communication system selection step, the program for controlling the data 
communication system computes position information of the contactless 
identification tag based on the second identification information acquired from 
other data communication systems and the first identification information of the 
contactless identification tag, associated to the predetermined article of the 
acquisition request, in response to the acquisition request sent from the 
management system, at the position information computation step. The 
program for controlling the managing system includes a position information 
sending step to send the position information computed at the position 
information computation step to the management system. 
[0038] 

The present invention is for a program for controlling the data 
communication system in the eighth embodiment, and thus the description of 
the operation effect thereof will be omitted so that not to be duplicated. The 
present invention may further employ the following embodiments. 
[0039] 

The data communication system according to the eleventh embodiment, 
wherein when selected as the specific data communication system, the second 
identification information inherent to the other data communication systems 
and the first identification information acquired in the other data 
communication systems are acquired by the information acquisition device from 
the other data communication systems, and the position information of the 
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contactless identification tag is computed by the position information 
computation device based on the second identification information and the first 
identification information acquired from the other data communication systems. 
[0040] 

The data communication system according to one of the eleventh 
embodiments or the above includes a communication status information sending 
device to send communication status information, indicating a predetermined 
communication status of its own data communication system and the 
contactless identification tag, to the specific data communication system, and 
the position information computation device to compute position information of 
the contactless identification tag also based on the communication status 
information sent by the communication status information sending device. 
[0041] 

In the data communication system according to the above the 
communication status information is the radio field intensity of the 
electromagnetic wave received from the contactless identification tag. The data 
communication system according to the above includes a direction estimation 
device to estimate the direction where the contactless identification tag exists 
based on the radio field intensity of the electromagnetic wave received from the 
contactless identification tag, wherein the status information sending device 
sends the direction information estimated by the direction estimation device as 
the communication status information to the specific data communication 
system. 
[0042] 

The data communication system according to the above includes an 
information retention device to retain time information and the first 
identification information of the contactless identification tag, which exists 
within the communication range of its own data communication system. 
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[0043] 

The data communication system according to the above includes a first 
retained-contents acquisition device to acquire the retained contents of the 
information retention device from other data communication systems, a first 
retained-contents sending device to send the retained contents to the other data 
communication systems in response to the acquisition request of the retained 
contents from other data communication systems and a first move record 
computation device to compute the move record of the contactless identification 
tag based on the retained contents acquired from the other data communication 
systems by the first retained-contents acquisition device, when its own data 
communication system is selected as the specific data communication system. 
[0044] 

The management system according to the above includes a second 
retained-contents acquisition device to acquire the retained contents of the 
information retention device from the data communication system, and a second 
move record computation device to compute the move record of the contactless 
identification tag based on the retained contents acquired from the data 
communication system. 
[0045] 

The data communication system according to the above includes a 
second retained-contents sending device to send the retained contents to the 
management system in response to the acquisition request of the retained 
contents. 
[0046] 

In the data communication system control program according to the 
above when the data communication system is selected as the specific data 
communication system, the second identification information inherent to the 
other data communication systems and the first identification information 
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acquired in the other data communication systems are acquired from the other 
data communication systems at the information acquisition step, and the 
position information of the contactless identification tag is computed based on 
the second identification information and the first identification information 
acquired from other data communication systems at the position information 
computation step. 
[0047] 

The data communication system control program according to the above 
includes a communication status information sending step to send the 
communication status information to the specific data communication system, 
wherein at the position information computation step, the position information 
of the contactless identification tag is computed also based on the 
communication status information sent at the communication status 
information sending step. 
[0048] 

In the data communication system control program the communication 
status information is the radio field intensity of the electromagnetic wave 
received from the contactless identification tag. 
[0049] 

The data communication system control program includes a direction 
estimation step to estimate the direction where the contactless identification tag 
exists based on the radio field intensity of the electromagnetic wave received 
from the contactless identification tag. The direction information estimated at 
the direction estimation step is sent to the specific data communication system 
as the communication status information at the status information sending step. 
[0050] 

The data communication system control program includes an 
information retention step to retain time information and the first identification 
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information of the contactless identification tag, which exists within the 

communication range. 

[0051] 

The data communication system control program includes a first 
retained-contents acquisition step to acquire retained contents of the 
information retention step from other data communication systems, a first 
retained-contents sending step to send the retained contents to other data 
communication systems in response to the acquisition request of the retained 
contents from the other data communication systems and a first move record 
computation step to compute the move record of the contactless identification 
tag based on the retained contents acquired from the other data communication 
systems at the first retained-contents acquisition step, when its own data 
communication system is selected as the specific data communication system. 
[0052] 

The management system control program includes a second 
retained-contents acquisition step to acquire retained contents of the 
information retention step from the data communication system, and a second 
move record computation step to compute the move record of the contactless 
identification tag based on the retained contents acquired from the data 
communication system. 
[0053] 

The data communication system control program also includes a second 
retained-contents sending step to send the retained contents to the management 
system in response to the acquisition request of the retained contents. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0054] 

FIG. 1 shows a block diagram illustrating a configuration of a position 
information management system according to the present invention. 
[0055] 

FIG. 2 shows a detailed configuration of a bookshelf 100. 

[0056] 

FIG. 3 (A) and 3 (B) show an example of an attachment position of a 
contactless identification tag 4 to a book 20. 
[0057] 

FIG. 4 shows a block diagram of a detailed configuration of a 
management system 2. 
[0058] 

FIG. 5 shows a block diagram of a detailed configuration of a data 
communication system 3. 
[0059] 

FIG. 6 shows a block diagram of a detailed configuration of a contactless 
identification tag 4. 
[0060] 

FIG. 7 shows an example of a computation of a position of a designated 

book. 
[0061] 

FIG. 8 shows an example of a move record of a designated book. 

[0062] 

FIG. 9 shows a flow chart illustrating a search processing of a designated 
book in the management system 2. 
[0063] 

FIG. 10 shows a flow chart illustrating a computation processing of 
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position information in the data communication system 3. 
[0064] 

FIG. 11 shows a flow chart illustrating a computation processing of 
direction information and distance information on a designated book in the data 
communication system 3. 
[0065] 

FIG. 12 shows a flow chart illustrating a computation processing of a 
move record in the management system 2. 
[0066] 

FIG. 13 shows a flow chart illustrating a computation processing of a 
move record in the management system 2. 
[0067] 

FIG. 14 shows a flow chart illustrating a computation processing of a 
move record in the data communication system 3. 
[0068] 

FIG. 15 shows a flow chart illustrating a sending processing of record 
information in the data communication system 3. 
[0069] 

FIG. 16 (A) and 16 (B) show an example of an arrangement position of 
the data communication system 3 in the bookshelf 10. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0070] 

Hereinafter, embodiments of the present invention will be described 
with reference to drawings. FIG. 1 through FIG. 15 shows embodiments, in 
which a position information management system according to the present 
invention is employed in a library. At first, a configuration of a position 
information management system according to the present invention will be 
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described with reference to FIG. 1. FIG. 1 shows a block diagram illustrating a 
configuration of the position information management system according to an 
embodiment of the present invention. 
[0071] 

As shown in FIG. 1, the position information management system 1 
includes a management system 2 and a plurality of bookshelves 10 provided 
with a data communication system 3 to be described later. The management 
system 2 is for managing position information or the like of books stored in the 
bookshelfs, and managing information such as a type of book, a title of a book, 
stored position of a book, and lending or not of the book. The bookshelf 10 is a 
shelf where books to lend out at the library are stored. A management number 
is attached to each bookshelf 10, and in the embodiment, the stored position of 
each book is managed by being associated to this number. 
[0072] 

Furthermore, a detailed configuration of a bookshelf 100 among a 
plurality of bookshelves 10 shown in FIG. 1 will be described with reference to 
FIG. 2. FIG. 2 shows a detailed configuration of the bookshelf 100. As shown in 
FIG. 2, the bookshelf 100 includes storing blocks 100a through lOOf and data 
communication systems 3A through 3F, each of which is arranged in each of the 
storing blocks 100a through lOOf. Furthermore, a book 200 is placed on top of 
the bookshelf 100, and a book 201 is put on the floor in front of the bookshelf 100. 
[0073] 

A plurality of books 20 (six copies) and the data communication systems 
3A through 3F (one system for each storing block) are stored in the storing 
blocks 100a through lOOf, respectively, and a contactless identification tag 4, to 
be described later, is attached to each of the books 20. In the present 
embodiment, various information about the books, such as positions and titles of 
the books 20 corresponding to the contactless identification tag 4, are managed 
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by carrying out a communication with the contactless identification tag 4, 

attached to the books 20, by the data communication system 3. 

[0074] 

Furthermore, an attachment position of the contactless identification 
tag 4 to the book 20 will be described with reference to FIGs. 3 (A) and 3 (B). 
FIGs. 3 (A) and 3 (B) show an example of an attachment position of the 
contactless identification tag 4 to the books 20. As for an attachment position of 
the contactless identification tag 4 to the books 20, a back cover of the book 
shown in FIG. 3 (A) and an inside cover of the book 20 shown in FIG. 3 (B) or the 
like can be considered. The attachment positions are not limited to these 
positions, but other attachment positions may be used. Moreover, as shown in 
FIGs. 3 (A) and 3 (B), the attachment position is not limited to the upper left 
corner of each top cover, but may be arbitrary positions such as the upper right 
corner and the lower left corner. 
[0075] 

Furthermore, a detailed configuration of the management system 2 will 
be described with reference to FIG. 4, FIG. 4 shows a block diagram illustrating 
a detailed configuration of the management system 2. As shown in FIG. 4, the 
management system 2 includes a data communication system selection section 
2a, an information management section 2b, a data communication section 2c, 
and a move record computation section 2d. 
[0076] 

The data communication system selection section 2a is for selecting a 
representing system among a plurality of data communication systems 3, and 
the selected data communication system 3 collects the information on the 
contactless identification tag 4 acquired by other data communication systems 3, 
and carries out the computation process such as the computation of the position 
information or the like. The information management section 2b is for acquiring 
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various information including position information regarding the books 20 from 
the data communication system 3 selected by the above "described data 
communication system selection section 2a, and for managing the books 20 
based on a stored data base that is used for the book management information 
and provided to the information management section 2b. The book management 
information includes type of books, titles of books, a stored position of books, a 
lending status of books or the like. 
[0077] 

The data communication section 2c has a function to carry out data 
communication by radio to the data communication systems 3. The move record 
computation section 2d acquires position information on the designated book 20 
retained in the data communication system 3, and computes the move record of 
the designated book 20. The designated book 20 refers to the book 20 designated 
as the object whose information is to be acquired. 
[0078] 

Furthermore, a detailed configuration of the data communication system 
3 will be described with reference to FIG. 5. FIG. 5 shows a block diagram 
illustrating a detailed configuration of the data communication system 3. As 
shown in FIG. 5, the data communication system 3 includes a data receiving 
section 3a, a data sending section 3b, a wireless Personal Area Network section 
3c, a data control section 3d, a data storage section 3e, a position information 
computation section 3f, and a move record computation section 3g. 
[0079] 

The data receiving section 3a has a function to receive data from the 
contactless identification tag 4 by an electromagnetic induction method. The 
data sending section 3b has a function to send data to the contactless 
identification tag 4 by the electromagnetic induction method. In the present 
embodiment, a carrier wave at the time of communication is also the 
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electromagnetic wave for supplying power to the contactless identification tag 4. 
[0080] 

The wireless Personal Area Network section 3c includes a function to 
carry out, by radio, sending and receiving of data to/from the management 
system 2 and sending and receiving of data to/from other data communication 
systems 3. The data control section 3d controls operations of the data 
communication systems 3 by carrying out a control program stored in ROM (not 
shown) by a CPU (not shown). The contents of the control include, first of all, 
control of the data communication processes, such as receiving of the data from 
the contactless identification tag 4 and sending of the data to the contactless 
identification tag 4, by the electromagnetic induction method using the data 
receiving section 3a and the data sending section 3b. The data control section 3d 
integrally controls each functional section including the data communication 
system 3, such as the control of communication process with the management 
system 2 and the communication process with other data communication 
systems 3 by using the wireless Personal Area Network section 3c. 
[0081] 

The data storage section 3e is for storing and retaining position 
information and time information of the contactless identification tag 4. The 
position information computation section 3f has a function to detect a radio field 
intensity at the time of communication through the data communication with 
the contactless identification tag 4 attached to the designated book 20, and to 
estimate the direction of the existence of the designated book 20, based on the 
radio field intensity, against the data communication system 3 from the distance 
information to the designated book 20 and the direction where the strongest 
electromagnetic wave is being received. Accordingly, in order to estimate the 
direction, it has a plurality of antennas for receiving electromagnetic waves from 
various directions. 
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[0082] 

Furthermore, when the data communication system 3 is selected by the 
data communication system selection section 2a in the above "described 
management system 2, the position information computation section 3f acquires 
the distance information and the direction information (for example, an angle 
information) of the designated book 20 from other data communication systems 
3, and carries out a process to compute the position information of the 
designated book 20. When the data communication system 3 is selected by the 
data communication system selection section 2a in the above-described 
management system 2, the move record computation section 3g acquires the 
record information of the designated book 20, which the other data 
communication systems 3 retain, from other data communication systems 3 in 
response to a request from the management system 2, and computes the move 
record of the designated book 20 based on the record information. 
[0083] 

Furthermore, a detailed configuration of the contactless identification 
tag 4 will be described with reference to FIG. 6. FIG. 6 shows a block diagram 
illustrating a detailed configuration of the contactless identification tag 4. As 
shown in FIG. 6, the contactless identification tag 4 includes a data receiving 
section 4a, a data sending section 4b, a data control section 4c, a data storage 
section 4d, and a power generation section 4e. 
[0084] 

The data receiving section 4a has a function to receive data transmitted 
from the data communication system 3 by the electromagnetic induction method. 
The data sending section 4b has a function to send predetermined data stored in 
the information storage section 4d to the data communication system 3 by the 
electromagnetic induction method. The control section 4c controls the operation 
of each section of the contactless identification tag 4 by carrying out a control 
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program by a CPU (not shown). 
[0085] 

The information storage section 4d has a function to store predetermined 
data, such as data sent from the data communication system 3, to the memory 
which the information storage sections 4d is equipped with. The power 
generation section 4e receives an electromagnetic wave from the data 
communication system 3, generates power from the electromagnetic wave, and 
provides it to each of the above-described sections. A loop antenna 4f is made by 
forming a coil on a circuit board by an ink-jet method using metal ink, or a 
screen printing method using copper, aluminum or the like. 
[0086] 

Furthermore, a more specific operation of the position information 
management system 1 used with a library will be described with reference to 
FIGs. 2, 7 and 8. FIG. 7 shows an example of computing the position of the 
designated book, and FIG. 8 shows an example of moving the record of the 
designated book. For convenience of the description, the operation of the system 
will be described by focusing on the bookshelf 100 shown in FIG. 2. 
[0087] 

In a library, an operator of the management system 2, for example, 
receives a request to search for a certain book from a visitor. The operator 
receives the information of the book (hereinafter, referred to as the designated 
book), such as the book's title, which the visitor is looking for, from the visitor. 
Then, using this information as a keyword, the data base, of the information 
management section 2b of the management system 2, is searched, and 
information of whether the designated book exists or not within the library, or 
information of whether the designated book is on loan or not, is detected. If the 
designated book exists within the library and is on loan, that information is 
reported to the visitor. On the other hand, if the designated book exists within 
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the library and is not on loan, the position information of the designated book, 
set in advance in the data base, is displayed on a display (not shown). 
Accordingly, the operator can convey the displayed position information to the 
visitor or guide the visitor to the position based on this position information. 
[0088] 

However, in case that the designated book has not been found in the 
position where the designated book should exist, the operator carries out a 
process to search where the designated book exists within the library by the 
management system 2. At first, the operator selects the data communication 
system 3, which becomes a representative (for example, select the data 
communication system 3A shown in FIG. 2), by the data communication system 
selection section 2a. As for the data communication system 3, which becomes a 
representative, a newly-selected one may be used for each time, or a 
previously-selected one may be used. 
[0089] 

Then, upon selection of a process to search for the designated book in the 
information management section 2b, the information management section 2b 
acquires the identification information of the contactless identification tag 4 
attached to the designated book from the data base, generates a search request 
of the designated book that includes the identification information, and sends 
this information to the data communication system 3A selected as the 
representative through the data communication section 2c. 
[0090] 

Upon receipt of the search request from the management system 2 
through the wireless Personal Area Network section 3c in the data control 
section 3d, the data communication system 3A adds its own identification 
information to this search request, and sends the search request, to which the 
identification information has been added, through the wireless Personal Area 
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Network section 3c, to other data communication systems 3B through 3F within 
the library. The data communication systems 3B through 3F, which received the 
search request from the data communication system 3, selected as the 
representative, through the wireless Personal Area Network section 3c, 
generate a response request including the identification information based on 
the identification information of the contactless identification tag 4 attached to 
the object book, which is included in the search request, in the data control 
section 3d, and sends this response request to the contactless identification tag 4 
attached to the book, which exists within its own communication range, through 
the data sending section 3b. 
[0091] 

Upon receipt of the electromagnetic wave including the response request 
sent from the data communication system 3 through the loop antenna 4f, the 
contactless identification tag 4 generates a drive power by the power generation 
section 4e at first, and carries out a process to provide this power to each section. 
After the drive power is provided and each section is activated, the response 
request from the data communication system 3 is acquired by the data control 
section 4c by demodulating the received electromagnetic wave through the data 
receiving section 4a. Then, the identification information contained in this 
response request is extracted and compared with its own identification 
information. When both of the identification information are in agreement, a 
response is returned to the data communication system 3 of the sending source 
of the response request through the data sending section 4b and the loop 
antenna 4f. Moreover, in the present embodiment, if both of the identification 
information are not in agreement, a response is not returned. 
[0092] 

Upon receipt of the response from the contactless identification tag 4 
attached to the designated book through the data receiving section 3a, the data 
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communication system 3 stores the time of the receipt and the identification 
information contained in the response by the data storage section 3e. Then, in 
the position information computation section 3f, the radio field intensity is 
measured from the electromagnetic wave received from the contactless 
identification tag 4, and the direction where the contactless identification tag 4 
exists is estimated based on the position of the antenna whose received radio 
field intensity is the highest. Furthermore, the distance from the data 
communication system 3 to the contactless identification tag 4 is estimated from 
the radio field intensity. This information of the estimated direction and 
distance, being added by its own identification information, is sent to the data 
communication system 3A, selected as the representative, through the wireless 
Personal Area Network section 3c. Moreover, this information of the estimated 
direction and distance is stored, being associated with the identification 
information, which has been stored earlier by the data storage section 3e. That 
is, in each data communication system 3, this information is stored and 
managed as the record information of the book. Moreover, the computation 
process of the above-described direction information and the distance 
information, and the storage process of the computed result are also carried out 
in the data communication system 3A, selected as the representative. 
[0093] 

Then, upon receipt of the above -described direction information and the 
distance information through the wireless Personal Area Network section 3c, 
from either of the data communication systems 3B through 3F within whose 
communication range the designated book exists, the data communication 
system 3A computes the position of the designated book by the position 
information computing section 3f based on the received information of the 
direction and the distance. That is, because the distance and the direction from 
the data communication system 3 are detected from the information from the 
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data communication system 3 where the existence of the designated book was 
detected, the position of the designated book can be computed based on this 
information. A more accurate position of the designated book can be computed 
by integrating and evaluating the information from a plurality of data 
communication systems 3. Accordingly it is possible to compute the position of 
the designated book, which is not stored in the correct stored position, such as a 
book stored in a different storing block from the original block, the book 200 
placed on top of the bookshelf 100, and the book 201 placed on the floor in front 
of the bookshelf 100 shown in FIG. 2. 
[0094] 

Then, the computed position information is sent to the management 
system 2 by the data control section 3d through data sending section 3b. The 
management system 2 that received this information analyzes the acquired 
position information, determines the position of the designated book and 
displays the information on a display (not shown). As for the present 
embodiment, the information of the arranged position in the bookshelf 100 of the 
data communication systems 3 is given to the management system 2, and for 
example, by graphically displaying inside the library by computer graphics and 
graphically displaying the approximate position of the designated book on the 
display The position of the designated book that has been searched by the 
operator can be visually displayed to be easily understood. 
[0095] 

Furthermore, an example of computing the position of the designated 
book, where the designated book is assumed to be the book 201 shown in FIG. 2, 
will be described with reference to FIG. 7. At first, the data communication 
system 3A selected as the representative, acquires the estimated direction 
information (0) and the distance information (I) (Oi, Ii), (02, 12)) of the 
contactless identification tag 4 that is attached to the designated book 201 from 
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two sets of the data communication systems 3E and 3F, respectively. Next, the 
position information computation section 3f computes values such as 03, I3 
through I5 shown in FIG. 7 using a trigonometric function or the like based on 
the estimated direction information (0) and the distance information (I) that was 
acquired. Accordingly, based on this computation result, the position of the 
designated book 201 can be expressed as a position, having a distance of I3 from 
the data communication system 3E towards the data communication system 3F, 
I4 from the data communication system 3F towards the data communication 
system 3E, and I5 from the point, where I3 and I4 meet, towards the front of the 
bookshelf 100. 
[0096] 

Furthermore, if the existence of the designated book has not been 
detected anywhere within the library, the operator is able to detect the move 
record of the designated book by the management system 2. In this case, as a 
first method according to the present embodiment, there is provided a method to 
let the data communication system 3 compute the move record by sending an 
acquisition request of the move record of the designated book to the data 
communication system 3A that is selected as the representative, and to acquire 
the computed move record from the data communication system 3 that is 
selected as the representative. Moreover, as a second method, there is provided 
a method where the management system 2 acquires the record information from 
the data communication system 3 by sending an acquisition request of the 
above-described record information of the designated book, which is stored in 
the data storage section 3e, to the data communication systems 3 arranged 
within the library, and thus the move record of the designated book is computed 
by the move record computation section 2d based on the above-described 
acquired record information. 
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[0097] 

In either method, (the move record computation section 2d or the move 
record computation section 3g) what kind of move record the designated book 
has is computed based on the time the designated book is detected and its 
position information (the direction and the distance), which are acquired from 
the data communication system 3. As shown in FIG. 8, suppose bookshelves 10A 
through 10D and reading desks 11A through 11D are provided within the library. 
Furthermore, according to the present embodiment, it is possible to compute the 
position of the book that has been taken out for reading by also arranging each 
data communication system 3 to these reading desks 11A through 11D. 
[0098] 

For example, suppose the existence of the designated book at the 
position of A in the drawing was detected at 10"00 AM, the existence at the 
position of B was detected at 10-20 AM, the existence at the position of C was 
detected at 1*00 PM, the existence at the position of D was detected at 3-00 PM, 
and the existence at the position of E was detected at 5*00 PM from the record 
information of the designated book acquired from the data communication 
system 3. What is actually detected is the existence of the contactless 
identification tag 4 having the identification information associated with the 
designated book, and the information about its position. 
[0099] 

That is, from the above-described acquired record information, it is 
understood that the designated book existed at the position of A in the bookshelf 
10A, at first, and then moved to the position of B of the reading-desk 11A, to the 
position of C of the reading-desk 11B, to the position of D in the bookshelf 10C, to 
the position of E of the reading-desk 11D. Furthermore, a flow search process of 
the designated book in the management system 2 will be described with 
reference to FIG. 9. FIG. 9 shows a flow chart illustrating a search process of the 
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designated book in the management system 2. 
[0100] 

As shown in FIG. 9, at Step S100 in the data communication system 
selection section 2a, the process judges whether the data communication system 
3, to become a representative, has been selected or not, and if judged as having 
been selected (YES), the process proceeds to Step S102, and if not (No), the 
process waits until the data communication system 3 has been selected. 
According to the present embodiment, the selection of the data communication 
system 3 to become the representative does not need to be carried out each time, 
and this process can be omitted by keeping the setting of the data 
communication system 3 that was previously selected. 
[0101] 

Proceeding to Step S102, the designated book is selected by the 
information management section 2b, and then the process proceeds to Step S104. 
According to the present embodiment, regarding the selection of the designated 
book, the operator inputs information known in advance such as the book's title, 
the author's name or the like as keywords, searches the data base of the 
information management section 2b, and selects information from a list 
displayed on the display. 
[0102] 

At Step S104, a search request of the designated book is generated by the 
information management section 2b based on the identification information of 
the contactless identification tag 4 corresponding to the selected book, and this 
request is sent to the data communication system 3, selected as the 
representative, through the data communication section 2c, and the process 
proceeds to Step S106. At Step S106, the process judges whether the position 
information of the designated book has been acquired from the data 
communication system 3, selected as the representative, or not, in the 
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information management section 2b, and if judged as having been acquired (Yes), 
the process proceeds to Step S108, and if not (No), the process waits until the 
position information has been acquired. 
[0103] 

At Step S108, the above-described acquired position information is 
analyzed in the information management section 2b, and the process proceeds to 
Step S110. At Step S110, the information is displayed on the display in a way 
easy to understand for a user such as an operator based on the analyzed position 
information, and the process proceeds to Step S112. 
[0104] 

At Step S112, whether the search processing has been completed or not 
is judged in the information management section 2b, and if judged as being 
completed (Yes), then the process is terminated, and if not (No), the process 
proceeds to Step S102. That is, if there is another book to search for, the process 
proceeds to Step S102 and the process will be carried out again from the process 
for selecting a designated book. Furthermore, a flow of the computation process 
of the position information in the data communication system 3 will be described 
with reference to FIG. 10. FIG. 10 shows a flow chart illustrating the 
computation process of the position information in the data communication 
system 3. 
[0105] 

As shown in FIG. 10, at Step S200, the process judges whether the 
search request has been received through the wireless Personal Area Network 
section 3c from the management system 2 or not in the data control section 3d. If 
judged as having been received (Yes), the process proceeds to Step S202, and if 
not (No), the process waits until the search request has been received. At Step 
S202, the received search request is analyzed in the data control section 3d, and 
the process proceeds to Step S204. It is understood by this analysis process that 
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its own data communication system 3 has been selected as the representative. 
[0106] 

At Step S204, in the data control section 3d, based on the analysis result 
of the received search request from the management system 2, a search request 
for acquiring information about the position of the designated book from other 
data communication systems 3 is generated, and the process proceeds to Step 
S206. At Step S206, in the data control section 3d, the generated search request 
is sent to other data communication systems 3 through the wireless Personal 
Area Network section 3c, and the process proceeds to Step S208. 
[0107] 

At Step S208, the process judges whether the information on the 
direction and the distance, to which the designated book exists, has been 
acquired or not in the data control section 3d. If judged as having been acquired 
(Yes), the process proceeds to Step S210, and if not (No), the process proceeds to 
Step S214. According to the present embodiment, because the search process of 
the designated book is carried out also in the data communication system 3 
selected as the representative, a case, which the data communication system 3 
verifies the existence of the designated book and computes its direction 
information and its distance information, is judged as having been acquired. 
[0108] 

At Step S210, in the position information computation section 3f, based 
on the direction information. and the distance information where the designated 
book exists, which are acquired from the other data communication systems 3, 
the position information of the designated book is computed, and the process 
proceeds to Step S212. At Step S212, the position information of the computed 
designated book is sent to the management system 2 by the data control section 
3d through the wireless Personal Area Network section 3c, and the process is 
terminated. 
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[0109] 

On the other hand, at Step S214, in the data control section 3d, the 
process judges whether a predetermined time period has passed or not, and if 
judged as having passed (Yes), the process proceeds to Step S216, and if not (No), 
proceeds to Step S208. At Step S216, the data control section 3d judges that the 
designated book does not exist within the library, and the process proceeds to 
Step S218. 
[0110] 

At Step S218, information indicating that the designated book does not 
exist is sent by the data control section 3d to the management system 2 through 
the wireless Personal Area Network section 3c, and the process is terminated. 
Furthermore, a flow of the computation process of the direction information and 
the distance information of the designated book in the data communication 
system 3 will be described with reference to FIG. 11. FIG. 11 shows a flow chart 
illustrating the computation process of the direction information and the 
distance information of the designated book in the data communication system 
3. 

[0111] 

As shown in FIG. 11, the process proceeds to Step S300, and judges 
whether the search request of the designated book has been received from the 
data communication system 3 that is selected as the representative through the 
wireless Personal Area Network section 3c or not in the data control section 3d. 
If judged as having been received (Yes), the process proceeds to Step S302, and if 
not (No), the process waits until the search request has been received. 
[0112] 

At Step S302, the search request that is received from the data 
communication system 3 that is selected as the representative is analyzed in the 
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data control section 3d, and the process proceeds to Step 304. The identification 
information of the data communication system 3 that is selected as the 
representative, the identification information of the contactless identification 
tag 4 attached to the designated book or the like are detected by this analysis 
process. At Step S304, in the data control section 3d, a response request to the 
contactless identification 4 attached to the designated book is generated based 
on the analysis result of the search request, and the process proceeds to Step 
S306. 
[0113] 

At Step S306, in the data control section 3d, the generated response 
request is sent towards the contactless identification tag 4, which exists within 
the communication range, through the wireless Personal Area Network section 
3c, and the process proceeds to Step S308. At Step S308, the process judges 
whether a response to the response request has been received from the 
contactless identification tag 4, which exists within the communication range, 
through the data receiving section 3a or not, in the data control section 3d, and if 
judged as having been received (Yes), the process proceeds to Step S310, and if 
not (No), the process proceeds to Step S320. 
[0114] 

At Step S3 10, the received response is analyzed in the data control 
section 3d, and the process proceeds to Step S312. The contents of the analysis 
include the received radio field intensity or the like at each of a plurality of 
antennas. At Step S312, in the data control section 3d, the direction, where the 
contactless identification tag 4 exists, is estimated based on the radio field 
intensity at each antenna, and the process proceeds to Step S3 14. 
[0115] 

At Step S3 14, in the data control section 3d, the distance between its 
own data communication system 3 and the contactless identification tag 4 is 
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estimated based on the radio field intensity at each antenna, and the process 
proceeds to Step S316. At Step S316, in the data control section 3d, the 
computed direction information and distance information are sent to the data 
communication system 3 that is selected as the representative through the 
wireless Personal Area Network section 3c, and the process proceeds to Step 
S318. 
[0116] 

At Step S3 18, in the data storage section 3e, the computed direction 
information and distance information are stored by associating to the 
identification information of the contactless identification tag 4 that responded, 
and the process is terminated. On the other hand, at Step S320, in the data 
control section 3d, it is judged whether the time, during which any response has 
not been received, has lapsed over a predetermined period or not, and if judged 
as having lapsed (Yes), the process proceeds to Step S322, and if not (No), the 
process proceeds to Step S308. 
[0117] 

At Step S322, the data control section 3d judges that the designated book 
does not exist within the communication range, and the process is terminated. 
Furthermore, a flow of the computation process of the move record in the 
management system 2 will be described with reference to FIG. 12. FIG. 12 
shows a flow chart illustrating the computation process of the move record in the 
management system 2. This process is the computation process of the move 
record according to the above-described first method. 
[0118] 

As shown in FIG. 12, at Step S400, the designated book, whose move 
record is desired to be detected, is selected in the information management 
section 2b, and the process proceeds to Step S402. As for the present 
embodiment, regarding the selection of the designated book, the operator inputs 
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information known in advance of the book as a keyword, searches the data base, 
and selects the information from a list displayed as the search results on the 
display. 
[0119] 

At Step S402, in the information management section 2b, an acquisition 
request for the record information is generated based on the identification 
information of the contactless identification tag 4 attached to the selected 
designated book, and this request is sent to the data communication system 3 
within the library through the data communication section 2c, and the process 
proceeds to Step S404. At Step S404, in the information management section 2b, 
it is judged whether the record information has been acquired from the data 
communication system 3 within the library through the data communication 
section 2c or not, and if judged as having been acquired (Yes), the process 
proceeds to Step S406, and if not (No), the process waits until the record 
information has been acquired. 
[0120] 

At Step S406, in the move record computation section 3g, the acquired 
record information is analyzed, and the process proceeds to Step S408. At Step 
S408, the move record of the designated book is computed based on the analysis 
result in the move record computation section 3g, and the process proceeds to 
Step S410. At Step S410, the computed move record is displayed on the display 
by the data control section 3d, and the process proceeds to Step S412. 
[0121] 

At Step S412, in the data control section 3d, the process judges whether 
the computation process of the move record is completed or not, and if judged as 
being completed (Yes), the process is terminated, and if not (No), the process 
proceeds to Step S400. That is, if there is another designated book whose move 
record is to be computed, the process proceeds to Step S400, and the process will 
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be carried out again from the process for selecting the designated book. 
[0122] 

Furthermore, a flow of a computation process of the move record in the 
management system 2 will be described with reference to FIG. 13. FIG. 13 
shows a flow chart illustrating the computation process of the move record in the 
management system 2. This process is the computation process of the move 
record according to the above-described second method. As shown in FIG. 13, 
the process proceeds to Step S500 at first, and in the data communication 
system selection section 2a, the process judegs whether the data communication 
system 3, which is to be a representative, has been selected or not, and if judged 
as having been selected (Yes), the process proceeds to Step S502, and if not (No), 
the process waits until the data communication system 3 has been selected. 
[0123] 

At Step S502, in the information management section 2b, the designated 
book, whose move record is desired to be acquired, is selected, and the process 
proceed to Step S504. At Step S504, in the information management section 2b, 
an acquisition request of the move record is generated based on the 
identification information of the contactless identification tag 4 attached to the 
selected designated book, and this request is sent to the data communication 
system 3 that is selected as the representative through the data communication 
section 2c, and the process proceeds to Step S506. 
[0124] 

At Step S506, in the information management section 2b, it is judged 
whether the move record has been acquired from the data communication 
system 3 that is selected as the representative or not, and if judged as having 
been acquired (Yes), the process proceeds to Step S508, and if not (No), the 
process waits until the move record has been acquired. At Step S508, the 
acquired move record is displayed on the display by the information 
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management section 2b, and the process proceeds to Step S510. 
[0125] 

At Step S510, in the information management section 2b, it is judged 
whether the acquisition process of the move record has been completed or not, 
and if judged as being completed (Yes), then the process is terminated, and if not 
(No), the process proceeds to Step S502. That is, if there is another designated 
book whose move record is to be computed, the process proceeds to Step S502, 
and the process will be carried out again from the process for selecting the 
designated book. 
[0126] 

Furthermore, a flow of the computation process of the move record in the 
data communication system 3 will be described with reference to FIG. 14. FIG. 
14 shows a flow chart illustrating the computation process of the move record in 
the data communication system 3. As shown in FIG. 14, the process proceeds to 
Step S600and in the data control section 3d, it is judged whether the acquisition 
request of the move record has been received from the management system 2 or 
not, and if judged as having been received (Yes), the process proceeds to Step 
S602, and if not (No), the process waits until the acquisition request has been 
received. 
[0127] 

At Step S602, the received acquisition request is analyzed in the data 
control section 3d, and the process proceeds to Step S604. The identification 
information or the like of the contactless identification tag 4 attached to the 
designated book is detected by this analysis. At Step S604, an acquisition 
request of the record information is generated based on the analysis result in the 
data control section 3d, and the process proceeds to Step S606. This acquisition 
request includes its own identification information that is selected as the 
representative, the identification information of the contactless identification 
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tag 4 attached to the designated book. 
[0128] 

At Step S606, the generated acquisition request is sent to other data 
communication systems 3 through the wireless Personal Area Network section 
3c by the data control section 3d, and the process proceeds to Step S608. At Step 
S608, in the data control section 3d, it is judged whether the record information 
has been acquired or not, and if judged as having been acquired (Yes), the 
process proceeds to Step S610, and if not (No), the process waits until the record 
information has been acquired. A case, which the information of the designated 
book is included in its own record information selected as the representative, is 
also judged as having been received. 
[0129] 

At Step S610, the move record is computed based on the acquired record 
information in the move record computation section 3g, and the process proceeds 
to Step S612. At Step S612, the computed move record is sent to the 
management system 2 through the wireless Personal Area Network section 3c 
by the data control section 3d, and the process is terminated. Furthermore, a 
flow of the sending process of the record information in the data communication 
system 3 will be described with reference to FIG. 15. FIG. 15 shows a flow chart 
illustrating the sending process of the record information in the data 
communication system 3. 
[0130] 

As shown in FIG. 15, at Step S700, it is judged in the data control section 
3d whether an acquisition request of the record information has been received or 
not, and if judged as having been received (Yes), the process proceeds to Step 
S702, and if not (No), the process waits until the acquisition request has been 
received. At Step S702, the received acquisition request is analyzed in the data 
control section 3d, and the process proceeds to Step S704. It is detected by this 
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analysis result whether the acquisition request was the one sent from the 
management system 2 or the one sent from the data communication system 3 
that is selected as the representative. 
[0131] 

At Step S704, in the data storage section 3e, it is judged whether the 
record information of the designated book, corresponding to the acquisition 
request, is included or not, and if judged as being contained (Yes), the process 
proceeds to Step S706, and if not (No), the process is terminated. At Step S706, 
the corresponding record information is read out from the memory by the data 
storage section 3e, and the process proceeds to Step S708. 
[0132] 

At Step S708, the read-out record information is sent to the system of the 
sending source of the acquisition request through the wireless Personal Area 
Network section 3c by the data control section 3d, and the process is terminated. 
Furthermore, the arrangement work of the data communication systems 3 in 
the bookshelf 10 will be described with reference to FIGs. 16 (A) and 16 (B). 
FIGs. 16 (A) and 16 (B) show an example of the arranged positions of the data 
communication systems 3 in the bookshelf 10. 
[0133] 

In the position information management system 1 according to the 
present embodiment, even if the data communication system 3 does not have 
position information, position information can be computed by a relative 
position to the contactless identification tag 4. Accordingly, the data 
communication system 3 can demonstrate the function thereof even if arranged 
in any position in the bookshelf 10 as shown in FIGs. 16 (A) and (B), as long as 
not arranged in an extreme place. 
[0134] 

Moreover, if the data communication system 3 is provided so that the 
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communication range of the data communication system 3 can cover all the 
contactless identification tags 4 attached to the books stored in the bookshelf 10, 
the data communication system 3 does not need to be provided in every storing 
block, and only a required number of sets may be provided (one set may be good 
enough depending on the case) as shown in FIG. 16 (B). 
[0135] 

As described above, the data communication system 3 that is selected as 
the representative acquires the direction information where the contactless 
identification tag 4 exists and the distance information to the contactless 
identification tag 4, from other data communication systems 3, as each 
identification information and communication status information between the 
data communication system 3 and the contactless identification tag 4 attached 
to the book. The position information of the contactless identification tag 4 can 
be computed based on this information, and thereby the position information of 
the book can be determined. 
[0136] 

Moreover, the data communication system 3 is made to store and retain 
the time information when the existence of the contactless identification tag 4, 
which exists within the communication range of its own data communication 
system 3, was detected, and its identification information, by the data storage 
section 3e. Therefore, the management system 2 or the data communication 
system 3 that is selected as the representative can acquire this information 
which each data communication system 3 retains, and can compute the move 
record of the designated book based on this information. 
[0137] 

The data communication system selection section 2a shown in FIG. 4 
corresponds to the data communication system selection device according to the 
eighth, twelfth and thirteenth embodiments. The sending processing of the 
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search request by the information management section 2b and the data 
communication section 2c corresponds to the acquisition request sending device 
according to the eighth and twelfth embodiments. The processing to acquire the 
record information from the data communication system 3 by the information 
management section 2b and the data communication section 2c corresponds to 
the second retained-contents acquisition device according to the ninth 
embodiment. The move record computation section 2d corresponds to the second 
move record computation device according to the ninth embodiment. The 
sending processing of the electromagnetic wave for power supply by the data 
control section 3d and the data sending section 3b shown in FIG. 5 corresponds 
to the sending device of electromagnetic wave for power supply according to the 
first and eleventh embodiments. The receiving processing of the response 
(including the identification information) from the contactless identification tag 
4 by the data control section 3d and the data receiving section 3a corresponds to 
the identification information acquisition device according to the first and the 
eleventh embodiments. 
[0138] 

The sending processing of the identification information of its own data 
communication system 3 by the data control section 3d and the wireless 
Personal Area Network section 3c, and the identification information of the 
contactless identification tag 4 that responded, corresponds to the information 
sending device according to the first and the eleventh embodiments. The 
acquisition processing of the identification information of the data 
communication system 3 and the identification information of the contactless 
identification tag 4 that responded to the data communication system 3 by the 
data control section 3d and the wireless Personal Area Network section 3c from 
other data communication systems 3 corresponds to the information acquisition 
device according to the first, second, and eleventh embodiments. The position 



\\\LA- 81754/0113- 197147 vl 



49 



information computation section 3g corresponds to the position information 
computation device according to the first through third, tenth, eleventh, and 
thirteenth embodiments. The sending processing of the direction information 
and the distance information by the data control section 3d and the wireless 
Personal Area Network section 3c corresponds to the communication status 
information sending device according to the third and thirteenth embodiments. 
[0139] 

The estimation processing of the direction information on the contactless 
identification tag 4 by the data control section 3d corresponds to the direction 
estimation device according to the fifth embodiment. The storage retention 
processing of the record information by the data storage section 3e corresponds 
to the information retention device according to the sixth, seventh, and ninth 
embodiments. The acquisition processing of the record information from other 
data communication systems 3 by the data control section 3d and the wireless 
Personal Area Network section 3c corresponds to the first retained-contents 
acquisition device according to the seventh embodiment. The sending 
processing of the record information on other data communication systems 3 by 
the data control section 3d and the wireless Personal Area Network section 3c 
corresponds to the first retained-contents sending device according to the 
seventh embodiment. The move record computation section 3g corresponds to 
the first move record computation device according to the seventh embodiment. 
The sending processing of the record information to the management system 2 
by the data control section 3d and the wireless Personal Area Network section 3c 
corresponds to the second retained-contents sending device according to the 
ninth embodiment. 
[0140] 

The sending processing of the position information to the management 
system 2 by the data control section 3d and the wireless Personal Area Network 
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section 3c corresponds to the position information sending device according to 
the eighth and thirteenth embodiments. The power generation section 4e shown 
in FIG. 6 corresponds to the power for the drive generation device according to 
the first and tenth embodiments. The receiving processing of the response 
request by the loop antenna 4f, the data receiving section 4b and the data control 
section 4c corresponds to the acquisition request receiving device according to 
the first and tenth embodiments. The response processing to the response 
request by the loop antenna 4f, the data sending section 4a and the data control 
section 4c corresponds to the identification information sending device according 
to the first and tenth embodiments. 
[0141] 

In addition, although in the above-described embodiments, the position 
information of the contactless identification tag 4 is computed based on the 
direction information of the contactless identification tag 4 against the data 
communication system 3 and the distance information between the data 
communication system 3 and the contactless identification tag 4, other than this, 
the mutual direction and the mutual distance may be measured or estimated by 
the mutual communication between the data communication systems 3, and the 
position of the contactless identification tag 4 may be computed also based on 
this information. 
[0142] 

Moreover, although in the above-described embodiments, an example of 
applying the position information management system 1 according to the 
present invention to the library has been described, other than this, the present 
invention may be applied to other fields, such as merchandise management of a 
shop in a supermarket or a department store, and management of car position 
information in a parking lot. 



\\\LA - 8 1754/0 1 13 • 197 147 v 1 



51 



